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Preface
Ludwig Boltzmann, who spent much of his life studying statistical
mechanics, died in 1906, by his own hand. Paul Ehrenfest, carrying on
the work, died similarly in 1933. Now it is our turn to study statistical
mechanics.
Perhaps it will be wise to approach the subject cautiously....
David L. Goodstein
States of Matter (1975)
Equilibrium statistical mechanics has a remarkable property: the steady state
probability distribution can be calculated by a procedure independent of the detailed
dynamics of the system under consideration. The partition function contains the
complete thermodynamics of the system. The calculation of the partition function
itself might be a daunting task and one might need to resort to approximate methods
in practice. But there is no problem in principle on how to do the statistical mechanics
of a system that is at thermal equilibrium.
Nonequilibrium statistical mechanics is a completely different story. There is no
general formalism, even in principle, the application of which is guaranteed to yield
the probability distribution, even for stationary states, without explicit consideration
of the dynamics of the system. Instead, there are several methods of wide applicabil-
ity drawn from experience which work for particular classes of systems. Frequently,
one writes down phenomenological equations of motion based on general principles
of conservation and symmetry and attempts to extract the dynamical response and
correlations.
The motivation for studying nonequilibrium systems is the very simple fact that
they are ubiquitous in nature and exhibit very rich, diverse and often counter-intuitive
phenomenon. We ourselves are an example of a very complex nonequilibrium system.
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This thesis examines three problems which illustrate the generic features of a typical
driven system maintained out of thermal equilibrium.
The first chapter provides a very brief discussion of nonequilibrium systems. We
outline the tools that are commonly employed in the theoretical description of driven
systems, and discuss the response of physical systems to applied perturbations.
Chapter two considers a very simple model for a single self-propelled particle with
an internal asymmetry, and nonequilibrium energy input in the form of Gaussian white
noise. Our model connects three key nonequilibrium quantities – drift velocity, mean
internal force and position-velocity correlations. We examine this model in detail and
solve it using perturbative, numerical and exact methods.
We begin chapter three with a brief introduction to the sedimentation of particle-
fluid suspensions. Some peculiarities of low Reynolds number hydrodynamics are
discussed with particular emphasis on the sedimentation of colloidal particles in a
viscous fluid. We then introduce the problem of velocity fluctuations in steady sedi-
mentation. The relevance of the current study to an earlier model and improvements
made in the present work are then discussed. A physical understanding of our model
and the conclusions that result from its analysis are an attempt to resolve the old
problem of divergent velocity fluctuations in steadily sedimentating suspensions.
The fourth chapter is a study to probe the nature of the fluctuations in a driven
suspension of point-particles. Fluctuation relations that characterise large-deviations
are a current topic of intense study. We show in this chapter that the random dynamics
of suspended particles in a driven suspension occasionally move against the driving
force, and that the probability of such rare events obeys a steady state fluctuation
relation.
In the final chapter, we summarise the models studied and point out the common
features that they display. We conclude by pointing out some ways in which the
problems discussed in this thesis can be extended upon in the future.
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